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Imported shrimpAbstract This research was undertaken to assess the microbiological quality of 109 samples of the
following 7 different products of the imported frozen shrimp in Egypt, block broken peeled, block
whole raw, block headless whole, IQF peeled headless, block peeled headless, IQF peeled deveined,
and block peeled deveined frozen shrimp through the period 2014–2015. The results showed that the
count of shrimp per pound, thawing weight loss, and pH of these products ranged from 20 to 400,
from 1.94% to 2.38% and from 7.48 to 7.92, respectively among frozen shrimp products. The mean
count of the total viable count (TVC), Enterobacteriaceae, coliform and Staphylococcus auerus var-
ied from 4.8  103 to 7.7  108, from nil to 5.1  104, from nil to 4.1  103 and from nil to
5.9  102, respectively in the aforesaid frozen shrimp products. The count of TVC in 40 and 9%
samples of block broken peeled, and block peeled headless frozen shrimp products, respectively
was higher than the allowable limit (106 cfu/g) in the Egyptian Standards of Frozen Shrimp
Specification. Enterobacteriaceae, coliform and coagulase active Staphylococci were detected in
some analysed samples but in load less than those recommended by the Egyptian Organization
for Standardization and Quality Control (2005). E. coli was not detected in any of analysed samples
of the 7 frozen shrimp products.
 2016 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Several types of shrimp such as pink shrimp (Panaeus duo-
rarum), white shrimp (P. setiferus), and black tiger (P. mon-
odor) are caught from cold or warm brackish to marine and
an aquaculture farm water over the world. According to
FAO, fresh water species considers prawns and marine speciesis shrimp. More than 40% of the world shrimp comes from
aquaculture (Kanduri and Eckhardt, 2002).
Wet shrimp has a glossy bright coloured shell. It is one of
the important crustacean species. The edible part exists in a
abdomen part which is enclosed in the rings of shrimp cara-
pace or shell. It represents 24–41% of shrimp weight according
to its type, weight, size and age. It contains nearly 71–80%
moisture, 0.7–2.3% oil, 18–22% protein in addition to vitamin
B group, minerals such as calcium, phosphor, iodine, iron,
copper, manganese and zinc (Kaur et al., 2013).
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in its viscera and the spread yellowish liquid over its abdomen
(Mohamed-Hatha et al., 2003). Therefore cooling is essential
to keep wet shrimp in good condition. Also, removing the
cephalothorax containing organs rich in an autolysis enzymes
in addition to use sodium bisulphate alone and/or with food
preservatives increases keeping quality of shrimp
(Jeyasekaran et al., 2006).
Generally shrimp can be marketed chilled or frozen, peeled
and cooked or canned. According to Dore and Frimodt (1987)
wet whole shrimp has to be shipped and consumed quickly due
to its fast deterioration. The stomach and the rest of the diges-
tive system contain decay organisms which multiply rapidly
after the shrimp dies. Fresh headless shrimp keeps much better
than whole one (Sasi et al., 2002).
Freezing of shrimp is usually done at25 to40 C in quick
freezers. Raw shrimp may be frozen in blocks or individually
quick frozen (IQF) using contact plate or air blast spiral freezers.
Block frozen product has long storage life and dense brick-like
packageswhich handle and stock easily, and IQF shrimp is easily
sold, thawed, cooked without planning a head and without
waste. Frozen products include whole raw frozen shrimp, head-
less frozen shrimp (Tails), peeled or raw headless frozen shrimp
without the shell (peeled undeveined, PUD) or tail fin, peeled
and deveined frozen shrimp (free from vein, PD), peeled
deveined and split frozen shrimp (butterfly frozen product), fro-
zenbroken shrimpor pieces of shell on tail or peeled pieces (Dore
and Frimodt, 1987). Frozen products are usually packed in car-
tons lindwith polyethylene filmwith a net weight of 0.25–5 kg or
packed in an air exhaust small polyethylene bags in a carton as a
secondary container before storing at 20 C. No shell or legs
should be left on the shrimp or in the package. Protection from
dehydration and fluctuating temperature during storage and
handling maintains the quality of frozen shrimp (Zuberi et al.,
1983). Freezing reduces the viable countwith the number contin-
uing to fall during frozen storage (Mohamed-Hatha et al., 2003).
Egypt imports large amount of different types of frozen
shrimp products mostly from Far East developing countries
such as Bangladesh, Pakistan, India, and Indonesia. According
to an old FAO report (Anon, 1988), there is a need to maintain
quality assurance program during shrimp and prawn processing
in several developing countries due to insufficient attention
towards standards of hygiene and quality of their production.
In India Central Institute of Fisheries Technology (CIFT) and
Export Inspection Agency (EIA) adopted the application of
international guidelines for food processing such as Hazard
Analysis Critical Control Points (HACCP) and European
Union (EU) guidelines during producing and processing of fro-
zen shrimp products (Mohamed-Hatha et al., 2003). The
imported frozen shrimp products are available in common
and super markets in addition to fish and food restaurants in
Egypt. The present paper reports the findings ofmicrobiological
quality of 109 samples of different imported frozen shrimp prod-
ucts handled and sold in Egyptian markets.
2. Materials and methods
2.1. Materials
The following samples of frozen shrimp products were directly
obtained from one of the Egyptian imported food companiesthrough years 2014–2015: 10 of block frozen broken peeled
shrimp (pieces), 14 samples of block whole raw frozen shrimp,
8 of block headless whole frozen shrimp, 14 samples of IQF
peeled headless frozen shrimp, 35 of block peeled headless fro-
zen shrimp, 16 of IQF peeled deveined frozen shrimp, and 12
of block peeled deveined frozen shrimp. The samples were
transported to the laboratory in ice boxes under aseptic condi-
tion and stored immediately at 20 C in deep freezers until
microbiological analysis.
2.2. Methods
2.2.1. Microbiological analysis
Frozen samples were thawed over night at 4 C in refrigerator
before analysis. The thawed shrimp muscles without shells
were cut to very small pieces using sterile knife and forceps;
then, 10 g was homogenized using 90 ml sterile physiological
saline (0.85%) solution, and serial decimal dilutions of each
homogenate were prepared using the same dilutent for the
respective microbiological analysis (Downes and Ito, 2001).
Appropriate dilutions (101–109) were used for enumeration
using standard microbiological pour plate technique and rec-
ommended culture media of Oxoid (2002). Plate count agar
medium was used for enumerating the Total Viable Count
(TVC) after incubating at 35–37 C for 48 h. Violet red bile
agar with methyl umbelliferyl glucuronide (VRB-MUG) selec-
tive media was used to isolate coliform, gram negative enteric
bacteria and rapid detection of E. coli. The prepared dilution
of frozen shrimp homogenate was inoculated in sterile petri
dishes; then, medium was poured and plates were incubated
at 37 C for 18–24 h. Colonies of lactose negative Enterobacte-
riaceae are colourless and those of lactose positive are red and
often surround by a forbid zone due to precipitation of bile
acids; meanwhile, light blue fluorescent colonies under
UV-Lamp (336 nm) are denoted as E. coli.
The recommended Difco Baird Parker agar medium by
ICMSF (1978) was used to detect coagulase active Staphylococ-
cus aureus after incubating the plates at 35–37 C for 48 h. The
black shiny colonies with narrow white margin and surrounded
by clear zones were counted as Staphylococcus aureus.
2.2.2. Physical methods
The pH was determined using Testo pH meter, type 230,
LenzkirchGermany, at room temperature (22 ± 3 C) aftermix-
ing 10 g of homogenized sample in 100 ml of distilled water as
described in AOAC method (AOAC, 2000). The loss in weight
of frozen sample after thawing was calculated as percentage
and reported as a thawing loss. The count per pound of the
shrimps in each samplewas calculatedand its rangewas recorded.
2.2.3. Statistical analysis
Mean, range and standard deviation were calculated as
described by Frank and Althoen (1994).
3. Results and discussion
3.1. Physical properties
Results in Table 1 show the count range per pound, thawing
loss, and pH of the analysed samples of some Egyptian
Table 1 Physical properties of samples of some imported frozen shrimp products in Egypt.
Frozen shrimp product No. of samples analysed Count range per pound Thawing loss (%) pH
Block broken peeled 10 200–400 1.94 ± 0.19 7.90 ± 0.35
Block whole raw 14 20–50 2.28 ± 1.66 7.92 ± 0.19
Block head less whole 8 40–70 2.29 ± 1.13 7.85 ± 0.14
IQF peeled headless 14 90–130 2.27 ± 0.83 7.86 ± 0.14
Block peeled headless 35 60–200 1.94 ± 0.86 7.59 ± 0.38
IQF peeled deveined 16 80–120 2.38 ± 1.14 7.52 ± 0.51
Block peeled deveined 12 70–130 2.25 ± 1.27 7.48 ± 0.30
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and type of the product (Whole, peeled, headless, deveined,
and broken), the count range of shrimps per pound was dif-
fered. The highest count was recorded for block broken peeled
shrimp and then block peeled headless, IQF peeled headless
block peeled deveined, IQF peeled deveined, block headless
whole and block whole raw frozen products respectively.
Removal of head, peel and vein reduces shrimp size.
Kanduri and Eckhardt (2002) reported that a rule of thumb
is that shrimp lose one size when peeled and another one when
cooked. Therefore, the peeled shrimp is sold according to its
size before peeling. The count range was relatively uniform
in sizes in block headless whole, block whole raw and IQF
peeled headless frozen shrimps than other products, Table 1.
Generally all products were made from small size and far from
the colossal, Jumbo and/or extra sizes.
The loss in frozen shrimp weight after overnight thawing at
4 C ranged from 1.94% to 2.38%, Table 1, according to pro-
duct type. This loss was higher in IQF than in block frozen
product. Also, peeling, removing of head and vein caused
slight rise in thawing loss of frozen shrimp. The higher thawing
loss was noticed in IQF peeled deveined, block headless whole,
block headless raw, and IQF peeled headless frozen shrimps
than other products. According to Dore and Frimodt (1987)
block frozen shrimp products have long storage life than
IQF ones.
The pH value of the different shrimp products was above
7.0, Table 1. The same observation was stated by Chen et al.
(1990) for fresh shrimp stored in ice. Data of Jeyasekaran
et al. (2006) indicated that the pH of white shrimp was lowered
from 7.8 to 6.82 in the end of storage period in dry ice, 32 h. In
this study, the range of pH of the different frozen shrimp prod-
ucts was varied from 7.48 to 7.92. It was higher in both block
whole raw and block broken frozen shrimp products than
other ones. This means that removal of peels, head and vein,
as well as freezing method, block or IQF, may slightly affect
the pH of shrimp. The muscle tissues of shrimp after applying
such processes became soft and more exposed to break and
loss of their water soluble contents during handling.
3.2. Microbiological quality
The microflora associated with frozen shrimp products reflects
the microbial population of catching water, sediment, species
difference, postharvest handling procedures, good manufac-
ture and good hygienic practices followed during processing
(Mohamed-Hatha et al., 2003). Miget (1991) stated that the
initial and final microbial count of shrimp during frozenstorage should be approximately the same. This means that
quality changes under frozen storage were due to factors other
than microbial activity such as fluctuation of storage tempera-
ture during storage, transporting and unsanitary handling. The
dominant organisms associated with shrimp, prawn, and cray-
fish spoilage are psychotropic Pseudomonas, Moraxella and
Acinetobacter spp. (Jeyasekaran et al., 2006).
3.2.1. Total Viable Count (TVC)
Table 2 shows the mean, range and distribution of TVC in
some imported frozen shrimp product samples. The data indi-
cated that there was variation in count of TVC between the
types of frozen shrimp products. The highest mean count of
TVC was noticed in the samples of block broken peeled fol-
lowed by block whole raw, IQF headless, block peeled head-
less, block headless whole, block peeled deveined, and IQF
peeled deveined frozen shrimp products respectively. Miget
(1991) stated that removal of head following by washing
reduces more than 50% of the bacterial load in shrimp before
freezing. Also, freezing lowers large count of mesophilic
microorganisms of shrimp due to their cold sensitivity.
According to ICMSF (1978), Carret (1988), FDA (1992),
and the Egyptian Organization for Standardization and Qual-
ity Control (2005), the recommended acceptable limit of TVC
at 30 C in frozen shrimp products is 106 cfu/g. As seen from
Table 2, the count of TVC in 40 and 9% samples of both block
broken peeled and block peeled headless frozen shrimp prod-
ucts was higher than 106 cfu/g, respectively. This count was
less than this limit in other frozen shrimp products.
Swartzentruber et al. (1980) found that 80% of 1300 frozen
shrimp samples pulled from retail shelves in USA were in com-
pliance with the allowable TVC count. Zuberi et al. (1983)
found that frozen jair shrimp (Panaeus merguiensis) and frozen
karli small shrimp (Metapenaeus monocero) contained
9.4  106 and 8.3  107 cfu/g TVC, respectively. In Singapore,
Singh et al. (1987) collected 657 samples of different types of
frozen prawn and shrimp products. They found that 98% of
frozen shell on prawn, 93% of peeled deveined frozen prawn,
99% shell on shrimp and peeled deveined were TVC accept-
able. Mohamed-Hatha et al., 2003 showed that only 2.5% of
846 samples of IQF raw, peeled, and deveined tail of frozen
tiger shrimp (Penaeus monodon) had TVC values higher than
105 cfu/g.
3.2.2. Enterobacteriaceae, coliform, and E. coli
Results in Table 3 showed that the Enterobacteriaceae were
detected in 90%, 43%, 25%, 86% and 43% in the analysed
samples of block broken peeled, block whole raw, block
Table 2 Mean, range and distribution of Total Vibale Count (TVC) in samples of some imported frozen shrimp products in Egypt.
Frozen shrimp product No. of sample analysed TVC (count cfu/g) Percentage of samples in the following range (%)
Mean ± SD Range Noa 6102 103 104 105 106 107 108
Block broken peeled 10 1.9  106 ± 77 4.8  103–7.7  108 0 0 20 20 10 10 20 20
Block whole raw 14 3.0  105 ± 5 7.2  104–3.1  106 0 0 0 43 43 14 0 0
Block headless whole 8 3.1  104 ± 2 1.2  104–4.9  104 0 0 0 100 0 0 0 0
IQF peeled headless 14 1.8  105 ± 3 3.7  104–5.6  105 0 0 0 43 57 0 0 0
Block peeled headless 35 6.0  104 ± 30 3.2  102–3.3  108 0 14 40 20 14 3 6 3
IQF peeled deveined 16 4.5  102 ± 15 Nil–4  104 0 63 25 12 0 0 0 0
Block peeled deveined 12 9.5  103 ± 13 3.5  102–3.8  105 0 33 17 33 17 0 0 0
a No: No bacterial growth.
Table 3 Mean, range distribution of Enterobacteriaceae count in samples of some imported frozen shrimp products in Egypt.
Frozen shrimp products No. of sample analysed Enterobacteriaceae count (cfu/g) Percentage of samples in the following range (%)
Mean ± SD Range Noa 6102 103 104 105
Block broken peeled 10 1.5  103 ± 30 Nil – 4.9  104 10 20 20 50 0
Block whole raw 14 1.5  101 ± 50 Nil – 4.3  104 57 14 0 29 0
Block headless whole 8 2.5  101 ± 5 Nil – 3.7  102 75 25 0 0 0
IQF peeled headless 14 4.8  102 ± 24 Nil – 4.2  104 14 0 71 15 0
Block peeled headless 35 3.3  101 ± 15 Nil – 5.1  104 57 26 11 6 0
IQF peeled deveined 16 Nil Nil – Nil 100 0 0 0 0
Block peeled deveined 12 Nil Nil – Nil 100 0 0 0 0
a No: No bacterial growth.
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frozen shrimp products, respectively. On the other hand, both
IQF peeled deveined and block peeled deveined frozen shrimp
products were free from Enterobacteriaceae, coliform and
E. coli, Tables 3 and 4. Personal hygiene during production
and handling may probably led to the contamination of
shrimp with such microorganisms. Most reports on the natural
flora of wild caught shrimp verify the general absence of such
types of microorganisms (Miget, 1991). The presence of col-
iform and E. coli indicates unsanitary condition during har-
vesting or catching, handling and processing of shrimp. As
seen in Table 4, coliform was detected only in some samples
of the imported block broken peeled, block whole raw, IQF
peeled headless and block peeled headless frozen shrimp prod-
ucts. Coliform growth was identified in 60%, 30%, 14% and
23% of the analysed samples of above-mentioned frozen
shrimp products respectively. The detected count of coliform
in these four products was less than that suggested as a guide-
line (400 cfu/g) reported by Carret (1988) and FDA (1992). It
was also lower than that recommended (102) in the Egyptian
Standards of Frozen Shrimp Specification No. 516 (The
Egyptian Organization for Standardization and Quality
Control, 2005). In their studies on 1300 collected samples of
frozen shrimp from retail shelves in USA, Swartzentruber
et al. (1980) showed that 97–99% of the samples were in com-
pliance with the allowable count of coliform, 400 cfu/g. Zuberi
et al. (1983) found that the frozen Jaire shrimp (Penaeus
merguriensis) and frozen karli small shrimp (Metapenaeus
monocero) had 94 and 180 cells of faecal coliform per gram.E. coli did not detect and are absent in all analysed samples
of the different shrimp frozen products. This agrees with that
report about this microorganisms in the microbiological stan-
dards of the specification of frozen shrimp products No. 516 in
Egypt (The Egyptian Organization for Standardization and
Quality Control, 2005). Among 657 analysed samples of frozen
prawn and shrimp in Singapore, Singh et al. (1987) found that
2% of shell on prawn, 4% of peeled deveined prawn, and 5%
of shell on shrimp were of defective in E. coli, quality.
Generally the aforesaid data confirm the importance of the
detection of the aforesaid microorganisms, Enterobacteri-
aceae, coliform, E. coli, as a good indicator of an integrity of
food processing.
3.2.3. Coagulase active Staphylococci
Humans are the major source of Staphylococci. Food workers
carrying enterotoxin producing S. aureus in their noses or in
their hands are regarded as a main source of food contamina-
tion via manual contact or through respiration-secretion.
Therefore good personal hygiene and adherence good manu-
facture practices (GMP) are must to control this microorgan-
ism (Arguedin et al., 2010).
As shown in Table 5, S. aureus was detected in 80% sam-
ples of imported block broken peeled, 49% of block peeled
headless, 25% of block headless whole, and 17% of block
deveined peeled frozen shrimp products. According to the sug-
gested guidelines stated by ICMSF (1978), Carret (1988), FDA
(1992) and the Egyptian Organization for Standardization and
Quality Control (2005) for S. aureus in frozen shrimp products
Table 4 Mean, range and distribution of coliform count in samples of some imported frozen shrimp products in Egypt.
Frozen shrimp product No. of sample analysed Coliform count (cfu/g) Percentage of samples in the following range (%)
Mean ± SD Range Noa 6102 103
Block broken peeled 10 7.5  101 ± 34 Nil – 4.1  103 40 30 30
Block whole raw 14 5.2  101 ± 13 Nil – 3.1  103 70 0 30
Block headless whole 8 Nil Nil 100 0 0
IQF peeled headless 14 1.8  101 ± 6 Nil – 3.2  102 86 14 0
Block peeled headless 35 2.5  101 ± 3 Nil – 2.3  103 77 20 3
IQF peeled deveined 16 Nil Nil 100 0 0
Block peeled deveined 12 Nil Nil 100 0 0
a No: No bacterial growth.
Table 5 Mean, range and distribution of Staphylococcus aureus count in samples of some imported frozen shrimp products in Egypt.
Frozen shrimp product No. of sample analysed Staphylococcus aureus count (cfu/g) Percentage of samples in the following range (%)
Mean ± SD Range Noa 6102 103
Block broken peeled 10 9.5  101 ± 9 Nil – 5.9  102 20 80 0
Block whole raw 14 Nil Nil 100 0 0
Block headless whole 8 1.9  101 ± 3 Nil – 1.1  102 75 25 0
IQF peeled headless 14 Nil Nil 100 0 0
Block peeled headless 35 4.5  101 ± 5 Nil – 3.7  102 51 49 0
IQF peeled deveined 16 Nil Nil 100 0 0
Block peeled deveined 12 3.6  101 ± 4 Nil – 2.2  102 83 17 0
a No: No bacterial growth.
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ples was less than the acceptable value. Swartzentruber et al.
(1980) found that 97–99% of 1300 frozen shrimp samples
pulled from retail shelves in USA were in compliance with
the allowable count (103) of S. aureus.
4. Conclusion
Physical properties and microbiological quality of the
imported frozen shrimp differed according to the type of pro-
duct, processing method (block or IQF frozen), application of
the good manufacture and hygienic practices during process-
ing. The imported block broken peeled frozen shrimp product
had the lower microbiological quality comparing with other
frozen products. The muscles of shrimp after peeling, head
and vein removing, especially of small size ones, are more
prone to invasion by microorganisms particularly when the
satisfactory hygienic quality is absent. The recent results of
Dechamma et al. (2015) showed that addition of B-glucan to
shrimp feed enhances its immunity against microbial infection
particularly Vibrio harveyi.
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